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Introduction
The RAN1 UE features of network energy saving were discussed in RAN1#114 with the following agreements, 

	[bookmark: _Hlk146498868]Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	42. Netw_Energy_NR
	42-1
	Spatial domain adaptation with multi-CSI feedback based on CSI report sub-configuration(s) in one CSI report [for periodic and aperiodic CSI reporting] 
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one [port subset configuration/list of CSI-RS IDs] [for each of periodic and aperiodic CSI reporting]
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs]
	
	Yes
	
	UE does not support spatial domain adaptation for network energy savings [for periodic and aperiodic CSI reporting]
	[Per UE, Per band]
	No
	No
	N/A
	[Component 1 candidate value for P-CSI report: FFS
Component 1 candidate values for A-CSI report: FFS
Component 2 candidate value(s): FFS]
[Component 3 candidate value(s): FFS
Component 4 candidate value(s): FFS
Component 5 candidate value(s): FFS
Component 6 candidate value: FFS]
FFS: merge FG 42-2 with FG 42-1
FFS: whether to have separate rows for type 1 or 2
	Optional with capability signaling

	42. Netw_Energy_NR
	42-1a
	Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting 
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one [port subset configuration/list of CSI-RS IDs] for semi-persistent CSI reporting
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration.]

	FFS 
	Yes
	
	UE does not support spatial domain adaptation for semi-persistent CSI reporting
	[Per UE, Per band]
	No
	No
	N/A
	Component 1 candidate value for SP-CSI report: FFS
Component 2 candidate value(s): FFS]
FFS: whether to have separate rows for type 1 or 2 
	Optional with capability signaling

	42. Netw_Energy_NR
	42-2
	Power domain adaptation with multi-CSI feedback based on CSI report sub-configuration(s) in one CSI report [for periodic and aperiodic CSI reporting]
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset [for each of periodic and aperiodic CSI reporting]
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs]
	
	Yes
	
	UE does not support power domain adaptation for network energy savings [for periodic and aperiodic CSI reporting]
	[Per UE, Per band]
	No
	No
	N/A
	[Component 1 candidate value for P-CSI report: FFS
Component 1 candidate values for A-CSI report: FFS
Component 2 candidate value for L: FFS]
[Component 2 candidate value for N: FFS]]
[Component 3 candidate value: FFS
Component 4 candidate value: FFS
Component 5 candidate value: FFS
Component 6 candidate value: FFS]
FFS: merge FG 42-2 with FG 42-1
	Optional with capability signaling

	42. Netw_Energy_NR
	42-2a
	Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset for semi-persistent CSI reporting
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration.]


	
	Yes
	
	UE does not support power domain adaptation for semi-persistent CSI reporting
	[Per UE, Per band]
	No
	No
	N/A
	[Component 1 candidate value for SP-CSI report: FFS]
Component 2 candidate value for L: FFS]
[Component 2 candidate value for N: FFS]]
FFS: merge FG 42-2a with FG 42-1a
	Optional with capability signaling

	42. Netw_Energy_NR 
	42-4
	Cell DTX or DRX operation based on RRC configuration [with one DTX/DRX configuration per cell]
	Support of cell DTX/DRX operation [with one DTX/DRX configuration per cell]
[1) During non-active duration period of Cell DTX, UE does not expect to receive and/or process the following channels/signals from the gNB:
- Periodic/Semi-persistent CSI-RS configuration in CSI-ReportConfig with reportQuantity including RI
2) During non-active duration period of Cell DRX, UE does not expect to transmit the following channels/signals from to the gNB:
- Periodic/Semi-persistent CSI report
- Periodic/Semi-persistent SRS]
	
	Yes
	
	UE does not support Cell DTX/DRX operation [with one DTX/DRX configuration per cell] for network energy savings
	FFS
	No
	No
	N/A
	Note: RAN2 may add additional details 
	Optional with capability signaling

	42. Netw_Energy_NR 
	42-5
	Cell DTX/DRX operation triggered by DCI format [2_x]
	1) Support of Cell DTX/DRX configuration activation and deactivation via DCI [2_x]
	42-4
	Yes
	
	UE does not support dynamic Cell DTX/DRX operation triggered by L1 signalling for network energy savings
	FFS
	No
	No
	N/A
	FFS: merge this FG with FG 42-4
	Optional with capability signaling



This paper further discusses the remaining aspects of FG42 of network energy saving saving enhancements for NR.  

UE Features of Network Energy Saving for NR
The focus of network energy saving technique in RAN1 are the spatial and power domain adaptation and time domain adaptation through cell DTX/DRX.   The UE features of the spatial and power domain adaption network energy saving techniques required the UE feedback on the radio channel conditions of antenna adaptation for link adaptation.   The focus of the time domain adaptation through cell DTX/DRX is the physical channel/signals impact and L1 signaling triggering of activation/deactivation when the cell DTX/DRX is configured at each cell.   

Spatial and Power Domain Adaptation

[bookmark: _Hlk83559437] The spatial and power domain adaptation is to turn off some of the TxRUs for network energy saving with the power adjustment.   The spatial adaptation by turning OFF/ON of some TxRUs would change the number of antenna ports for Type-1 antenna configuration, which each antenna port is connected to some TxRUs, and the beam pattern for Type-2 antenna configuration, which each antenna port is connected to all TxRUs.  The change of the number of antenna ports or the beam pattern in the spatial adaptation would have impact to the coverage, in particular to the DL common channels, and link adaptation gain.  Thus, the Tx power would need to be adjusted along with the spatial domain adaptation in order to provide seamless coverage and the adequate link adaptation gain.  In RAN1#114, FG 42 for the UE capability of network energy saving has defined FG42-1 for spatial domain and FG42-2 for power domain adaptation.   
[bookmark: _Hlk86320495][bookmark: _Hlk146539140][bookmark: _Hlk146544131]The support of the spatial and power domain adaptation requires additional UE CSI measurements and reports when some TxRUs are turned off.   A number of TxRUs turning off and generating a new number of antenna ports or beam pattern is indicated as an antenna sub-configuration of the full antenna configuration.  The additional CSI reports of sub-configurations with each CSI report associated with one sub-configuration will be fed back to the gNB for dynamic link adaptation.  Multiple CSI reports associated with full antenna configuration and sub-configurations are included in all CSI report type; they are aperiodic CSI report, semi-persistent CSI report, and periodic CSI report.   The UE capability of CSI measurements for A-CSI, SP-CSI and P-CSI feedbacks should be the same without any differentiation in the UE capability since the measurements of configured CSI-RS resource(s) are the same.  Since the additional CSI measurements of antenna sub-configuration would be provisioned by the UE at each band.  The UE capability of additional CSI feedbacks for antenna sub-configurations should be same cross bands and based on each UE (per UE) regardless if it is Type 1 or Type 2 antenna adaptation.  For Type 1 antenna adaptation, the additional number of CSI measurements for CSI feedbacks in a CSI report is based on the measurements of a CSI-RS resource set.   The maximum number of CSI measurements N from a CSI-RS resource set should be based on UE capability in additional CSI measurements and computation.   The maximum number of CSI measurements N in a CSI report would depend on the number of network operation of spatial adaptation for network energy saving.    The spatial domain adaptation relies on the ON/OFF of the TxRU to achieve the network energy saving.  The transition time of the TxRU ON/OFF would be the deciding factor.  The power amplifier of the TxRU would demands range of ms to stabilize the Tx power setting and would not be able to dynamically shutting down and turning on.   Thus, the TxRU ON/OFF would not be substantially frequent at the gNB for spatial adaptation.  The number of the CSI measurements of sub-configurations should not be large.  Thus, the maximum number of CSI measurements of antenna sub-configurations in a CSI report should be set to 4.  The maximum number of sub-configurations L for UE to support should be based on the possibility of spatial and power adaptations by the network.  The level of the power adaptations would not see much network energy saving gain.  Thus, the majority of the spatial and power adaptation is different spatial domain configurations.   The maximum number of spatial and power domain sub-configurations should be set to 8.  
[bookmark: _Hlk146555762]Proposal 1:  The UE capability of CSI measurements for A-CSI, SP-CSI and P-CSI feedbacks should be the same without any differentiation in the UE capability
Proposal 2:  The UE capability of additional CSI feedbacks for antenna sub-configurations should be same cross bands and based on each UE (per UE)
Proposal 3:  The maximum number of CSI measurements of antenna sub-configurations N in a CSI report should be set to 4.  
Proposal 4:  The maximum number of antenna sub-configurations L for UE to support should be set to 8.  
The UL resources needs to be configured for multiple CSI reports associated with the full antenna configuration and sub-configuration.   The triggering of multiple CSI measurements in a CSI report by DCI needs to be supported to indicate the PDSCH transmission associated with the full antenna configuration or the specific sub-configuration in order to provide the UE information for the channel compensation.   

The proposed UE feature for the spatial and power domain adaptation for the network energy saving is as follows,
	[bookmark: _Hlk146555825]Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	42. Netw_Energy_NR
	42-1
	Spatial domain adaptation with multi-CSI feedback based on CSI report sub-configuration(s) in one CSI report [for periodic, semi-persistent and aperiodic CSI reporting] 
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one [port subset configuration/list of CSI-RS IDs] [for each of periodic and aperiodic CSI reporting]
[1. The max number of sub-configurations L = 8 in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC is 4
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs = 4
6. Supported maximum number of simultaneous NZP-CSI-RS resources ain active BWPs across all CCs]
	
	Yes
	
	UE does not support spatial domain adaptation for network energy savings [for periodic, semi-persistent and aperiodic CSI reporting]
	[Per UE, Per band]
	No
	No
	N/A
	[Component 1 candidate value for P-CSI report  N= 4
Component 1 candidate values for A-CSI report: N=4
Component 2 candidate value(s): FFS] Candidate value for simultaneous NZP-CSI-RS reesources per CC is 4
[Component 3 candidate value(s): FFS Candidate of maximum number of sub-configuration L = 8.
Component 4 candidate value(s): FFS candidate values for S{-CSI report: N=4

Component 5 candidate value(s): FFS candidate values for P-CSI report: N=4

Component 6 candidate value: FFS]
FFS: merge FG 42-2 with FG 42-1
FFS: whether to have separate rows for type 1 or 2
	Optional with capability signaling

	42. Netw_Energy_NR
	42-1a
	Spatial domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting 
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one [port subset configuration/list of CSI-RS IDs] for semi-persistent CSI reporting
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration.]

	FFS 
	Yes
	
	UE does not support spatial domain adaptation for semi-persistent CSI reporting
	[Per UE, Per band]
	No
	No
	N/A
	Component 1 candidate value for SP-CSI report: FFS
Component 2 candidate value(s): FFS]
FFS: whether to have separate rows for type 1 or 2 
	Optional with capability signaling

	42. Netw_Energy_NR
	42-2
	Power domain adaptation with multi-CSI feedback based on CSI report sub-configuration(s) in one CSI report [for periodic semi-persistent and aperiodic CSI reporting]
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset [for each of periodic and aperiodic CSI reporting]
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs]
	
	Yes
	
	UE does not support power domain adaptation for network energy savings [for periodic and aperiodic CSI reporting]
	[Per UE, Per band]
	No
	No
	N/A
	[Component 1 candidate value for P-CSI report =4
Component 1 candidate values for A-CSI report: FFS N=4
Component 2 candidate value for L: FFS] L=8
[Component 2 candidate value for N: FFS]] candidate values for SP-CSI report: N=4

[Component 3 candidate value: FFS 
Component 4 candidate value: FFS
Component 5 candidate value: FFS
Component 6 candidate value: FFS]
FFS: merge FG 42-2 with FG 42-1
	Optional with capability signaling

	42. Netw_Energy_NR
	42-2a
	Power domain adaptation with CSI feedback based on CSI report sub-configuration(s) for semi-persistent CSI reporting
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset for semi-persistent CSI reporting
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one SP-CSI report where each CSI corresponds to one sub-configuration.]


	
	Yes
	
	UE does not support power domain adaptation for semi-persistent CSI reporting
	[Per UE, Per band]
	No
	No
	N/A
	[Component 1 candidate value for SP-CSI report: FFS]
Component 2 candidate value for L: FFS]
[Component 2 candidate value for N: FFS]]
FFS: merge FG 42-2a with FG 42-1a
	Optional with capability signaling



[bookmark: _Hlk86320630][bookmark: _Hlk83578856]
Time Domain Adaptation through Cell DTX/DRX

[bookmark: _Hlk83573545][bookmark: _Hlk146555720][bookmark: _Hlk94784957][bookmark: _Hlk83578870][bookmark: _Hlk86398189]The time domain adaptation through cell DTX/DRX is the network indication of the active/inactive periods of DL Tx or UL Rx to achieve the network energy saving.    In order to achieve network energy saving, the network would minimize the number of physical channels/signals transmitted for CONNECTED mode UEs.   The CONNECTED mode UEs would expect some physical channels/signals not transmitted during the DTX inactive time and not received by the gNB during the DRX inactive time.    However, the physical signals/channels of initial access and system broadcast for IDLE/Inactive and legacy UEs remain the same to allow the UE normal access.  The RRC configuration of cell DTX/DRX would be UE specific.   The L1 signaling by new common DCI format 2_x would be used to activate/deactivate the cell DTX/DRX dynamically. The L1 signaling should depend on FG42-1 for UE to support RRC configured cell DTX/DRX.      
[bookmark: _Hlk146555796]Proposal 5: The L1 signaling should depend on FG42-1 for UE to support RRC configured cell DTX/DRX.      
The UE features for time domain adaptation through cell DTX/DRX are as follows,

	[bookmark: _Hlk146556159]42. Netw_Energy_NR 
	42-4
	Cell DTX or DRX operation based on RRC configuration [with one DTX/DRX configuration per cell]
	Support of cell DTX/DRX operation [with one DTX/DRX configuration per cell]
[1) During non-active duration period of Cell DTX, UE does not expect to receive and/or process the following channels/signals from the gNB:
- Periodic/Semi-persistent CSI-RS configuration in CSI-ReportConfig with reportQuantity including RI
2) During non-active duration period of Cell DRX, UE does not expect to transmit the following channels/signals from to the gNB:
- Periodic/Semi-persistent CSI report
- Periodic/Semi-persistent SRS]
	
	Yes
	
	UE does not support Cell DTX/DRX operation [with one DTX/DRX configuration per cell] for network energy savings
	FFS Per Band
	No
	No
	N/A
	Note: RAN2 may add additional details 
	Optional with capability signaling

	42. Netw_Energy_NR 
	42-5
	Cell DTX/DRX operation triggered by DCI format [2_x]
	1) Support of Cell DTX/DRX configuration activation and deactivation via DCI [2_x]
	42-4
	Yes
	
	UE does not support dynamic Cell DTX/DRX operation triggered by L1 signalling for network energy savings
	FFS
Per Band
	No
	No
	N/A
	FFS: merge this FG with FG 42-4
	Optional with capability signaling




Conclusion 
In this contribution, we have discussed the UE features for network energy saving for NR.  We have the following proposal
· Proposal 1:  The UE capability of CSI measurements for A-CSI, SP-CSI and P-CSI feedbacks should be the same without any differentiation in the UE capability
· Proposal 2:  The UE capability of additional CSI feedbacks for antenna sub-configurations should be same cross bands and based on each UE (per UE)
· Proposal 3:  The maximum number of CSI measurements of antenna sub-configurations N in a CSI report should be set to 4.  
· Proposal 4:  The maximum number of antenna sub-configurations L for UE to support should be set to 8.  
· Proposal 5: The L1 signaling should depend on FG42-1 for UE to support RRC configured cell DTX/DRX.      

We proposed to use Table 1for the UE feature for Network Energy Saving for NR.  
Table 1:  UE capability for NR Network Energy Saving
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups

	42. Netw_Energy_NR
	42-1
	Spatial domain adaptation with multi-CSI feedback based on CSI report sub-configuration(s) in one CSI report for periodic, semi-persistent and aperiodic CSI reporting
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one [port subset configuration/list of CSI-RS IDs] [for each of periodic and aperiodic CSI reporting]
[1. The max number of sub-configurations L = 8 in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC is 4
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs = 4
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs]
	
	Yes
	
	UE does not support spatial domain adaptation for periodic, semi-persistent and aperiodic CSI reporting]
	Per UE, 
	No
	No
	N/A
	value for P-CSI report  N= 4
values for A-CSI report: N=4
value for simultaneous NZP-CSI-RS reesources per CC is 4
maximum number of sub-configuration L = 8.
values for S{-CSI report: N=4
values for P-CSI report: N=4
	Optional with capability signaling

	42. Netw_Energy_NR
	42-2
	Power domain adaptation with multi-CSI feedback based on CSI report sub-configuration(s) in one CSI report [for periodic semi-persistent and aperiodic CSI reporting]
	Support of CSI feedback based on CSI report sub-configuration(s), each containing one power offset [for each of periodic and aperiodic CSI reporting]
[1. The max number of sub-configurations L in one CSI report configuration]
[2. Report of N CSI(s) in one CSI report where each CSI corresponds to one sub-configuration.]
[3. Supported maximum number of simultaneous NZP-CSI-RS resources per CC
4. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources per CC
5. Supported maximum number of total CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs
6. Supported maximum number of simultaneous NZP-CSI-RS resources in active BWPs across all CCs]
	
	Yes
	
	UE does not support power domain adaptation for network energy savings [for periodic and aperiodic CSI reporting]
	Per UE, 
	No
	No
	N/A
	value for P-CSI report = 4
values for A-CSI report:  N=4
candidate value for L=8
value for SP-CSI report: N=4


	Optional with capability signaling




	42. Netw_Energy_NR 
	42-4
	Cell DTX or DRX operation based on RRC configuration [with one DTX/DRX configuration per cell]
	Support of cell DTX/DRX operation [with one DTX/DRX configuration per cell]
[1) During non-active duration period of Cell DTX, UE does not expect to receive and/or process the following channels/signals from the gNB:
- Periodic/Semi-persistent CSI-RS configuration in CSI-ReportConfig with reportQuantity including RI
2) During non-active duration period of Cell DRX, UE does not expect to transmit the following channels/signals from to the gNB:
- Periodic/Semi-persistent CSI report
- Periodic/Semi-persistent SRS]
	
	Yes
	
	UE does not support Cell DTX/DRX operation [with one DTX/DRX configuration per cell] for network energy savings
	Per Band
	No
	No
	N/A
	Note: RAN2 may add additional details 
	Optional with capability signaling

	42. Netw_Energy_NR 
	42-5
	Cell DTX/DRX operation triggered by DCI format [2_x]
	1) Support of Cell DTX/DRX configuration activation and deactivation via DCI [2_x]
	42-4
	Yes
	
	UE does not support dynamic Cell DTX/DRX operation triggered by L1 signalling for network energy savings
	Per Band
	No
	No
	N/A
	FFS: merge this FG with FG 42-4
	Optional with capability signaling




References
[1] [bookmark: _Ref446507216][bookmark: _Ref446511358][bookmark: _Ref446506608][bookmark: _Ref83499234][bookmark: _Ref47626651]RP-230566, “Network Energy Saving for NR”, Huawei
[2] R1-2308576, “Session Notes of AI 9.16.3”, Ad-Hoc Chair (AT&T)

	
1

7

